
r r
I AD—A073 341 ,CltOøO(..OSY INTERNATIONAI. INC MONTEREY CAI.IF FIG ~iz

DEVELOPSENT OF A SYNOPTIC CL INAT OLOS Y OF TROPOSPIERIC REFRACT TV—ETC (U)
APR rv p p KA LINYAK N0022*—76 c— 3139

I UNCLASSIF IED M 1 1 M 2 2 6  PEP RF— TR— 2—?7 ( M I T )  ML

_ __I

bk :~i T . 

__
_ _ _ _I  .

.

I.



S .

A 5

1.0 ~______ ~~~ 1m2.2
Ii L ~~~

~~o 2.0
I I~~ L~LII~

~~~ t~ll’ •~ ll~l~•~

MI(:Ro( :~~~ I~’1SQLUH~ N SI CHA RI
AIPWIMI ,I ;A N I , A H t e .  . 1 .  4



V 

___V~ -

~~~~~

~—4 ( ~
~~~~~~

V
~ V V ____ •V~

~~~tt~ c
~
., 

~~~~~~~~~~~~~~

V

D DC ~~V j~~t7~I7’nh1PJpfl
!~~NJ6 Z9 1~e I I

•~1. t~l ~ ~dJ
~~-~

-
~: L~4E.1t 

V ~
V .~~

V
* m . 1~ 

S V L... V.

I M E T E O R O L O G Y  I N T E R N A T I O N A L

MONTEREY, CALIFORNIA V

r V [DzsTam*mci~ s~m~~~&—J V

~~~~~~ V~~~
: V V V

~~~~~ .V 
. V~~ _ _ _

L Di~ bu~O~~Uiith~~ d

79 08 ~28 048

— - - - - ~~~~~~~~~~~~~~ V~~~~~~ •~~~~• V



- ~~~~~~~~~~~~~~~~~~~~~ 
V -

V 
t .  V V 

- -

S

V 
‘ V V V V V 

-

~~ ~~~4 ‘~

V 

~~~~~
I

- 
4 ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _______ _______—V.—— —

V
. 

-

V V ! ~~~~~
4

~~~~ 

V

•V~ 
_
_ , 

~
,

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
V. V

:1

V - V • V
~?~~~

~.c. V ~~~~~~~ V 5 p

— .

DISCLA IMER NOTICE

5

/ J V ’ V1~

THIS DOCUMENT IS BEST QUALITY 
V.

PRACTICABLE. THE COPY FURNISHED
TO DDC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT

!~~~~~~~~~ !W

”

~~~~~~~~



~~~~~~~~~~~~~~L~~~~v a; ~~~~~~~~~~~~~ II) ,’

F

V V Z ~~~~~~~1 _  
~7rV

V. V ~~~~~~~~~~~ V / /
Final ~~~~~~ ‘~5 ~~~~~ 

V —

_ — —~,Met~~ro1ogy~ Int~~~~~i~i~~1~~~~~~ orated ‘~ I

~
?Z) M~~~~~~~~ rM.st-M-226/

-_ __J

V DEVELOPMENT OF A SYNOPTIC CLIMATOLOGY /
~ OF TROPOSPH ERIC ~ EFRACTWi~~ONDITIONS I •

1

-~~~ FOR THE EAST!RN PACIFIC OCEAN J/ OFF THE WEST ’öOAST c5~ THE UI~ITED STATES 
~ I V

- Peeks One and Two’. I
V / 1

V V . V V J I
i Task One: statistical Organizations of the 1_7
I Refractive Cond itions , by Monthly / V

Periods and Latitude Zones, /
Task Two: The Persistence of Refractive

Conditions , and Transition /
?robabllitles i 

/V V — -- 

~~~~~~~~~ by

L~~
aulfPi~

ah1
~~

ak 7 
- V 

B 
-

Prepared for :

The Commanding Officer
Naval Environmental Prediction Research Facility

Monterey, California 93940

V 

Contract No
’
J~~OG228-76-c_ 3l39

/

r~-~~~~ b 0 T ~~M~~~Aii1 :9 ‘

~ 2 ‘

~~I Approved for public releases 
. 

~~~~~ 
)

L Disixibulion Unlimited 7 y
—— 

- ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~.. ~~~~~~~

~~
‘ ____________________________________________ ____________

____________________________________________ — _.__V V~~-V~_~~~~~~ V — ~~~~~~~~~~~~~~~~~~~~~ •V.~~~~~~_ V~ V. V.VV_ V_ ~~ _~V _~~~ ‘~V



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-V

UNCLASSIFIED
SEC URITY CLA SSIFICATI ON 0? IsIS PAG E (Phw 0.1. E.it...d)
— 

~~~~~~~~~ I READ INSTRUC TIONS
l~~~ru~~i ~~~~~ U.~~I’ ~~~ I iu~~ r L BEFORE COMPLETIN G FORM

r R1øOat NuNSER / 12. GOVT ACCflIS ON NO~ I. RECIPIENT’S CATALOG NUMSER

NEPRF Technical Report 2-77 (MII) j I
I TITI. E ( . d  ~~~~~~~ DEVELOPMENT OF A SYNOPTIC I ~~- tYPE OF R( )Rt $ PER’OD COVERED

CLIMATOLOGY OF TROPOSPHERIC REFRACTIVE
CONDITIONS FOR THE EAST ERN PACIFIC OCEAN ‘ Fina l

V OFF THE WEST COAST OF THE UNITED STAT ES .. pCRF0RMING C NG. REPORT s uMNER

Task One and Task Two ,4’XI— M-226 ’ V

7 AUTI4OR(~) S. CONTRACT ON GRANT NUMSEN(.)

/
Paul P. Kalinya k N 0 O228—76—C—3 l 34~”

S. PERFONIIlNG ORGA NIZATION NAN~~ .AN0 A0DRE55 tO. PROGRAM £LEMENT. PROJECT . TAS K
Meteorology Internationa l Incorporated ” AR EA I ~OR~ UNIT NUMSERS

205 Montecito Avenue
Monterey , California 93940 

____________________________

-

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
Commander , Naval Air Systems Command April 1977
Department of the Navy IL NUMSER OF PAG E S
Wa shington , D. C. 2036 1 174

14. MONITORING AGEN CY NAME I AD ORESkSS 4SQ... 1 ft. . Ccmlr.tffi.g OWe.) IS. SECURITY CLASS. (.5 SASs ,I,OII ~
$ /

Naval Environmenta l Prediction Research Facility UNCLASSIFIED
Monterey , California 93940 is.. ~~ C~~~~SI1ICATION/ OoWNGRADING

IS. ~~5tRI5UTION STATEMENT (.1 lAS. * p~~f) 
-~~~

p

Approv ed for public release; distribution unlimited .

I?. DISFNISUTION StATEMENT (.5 1*. .b.I,act MII •,.~ Sn bI.ek 20. SI mU.,.,, I’.. R .,f)

•

IS SUPPLEMENTARY NOTES

•

IS. KEY PONDS (C..,Nm.. sn rev.,.. .S~. St n~c••~~~ - ~~4 S4,nH~ ’ Iy Sleek ~~~ br )

Refractive Index Classification of Refractive Conditions
Climatology Persistence and Transition Probabilities

\
Eastern Pacific Ocean

I 20~~~~~~T RACY (C WSmM I re’re.. .I~. St n.c.... ~ .,~ Sd.nISS~’ S~ SS..k .,..S. v)
The work required to develop a synoptic climatology of refractive conditions

which significantly affect the tropospheric propagation of electromagnetic waves
off the west coast of the United States is to be carried out under three tasks. This
Report , for Tasks One and Two , present s a montkjy climatology and s~~~istical

( analysis of refractive conditions for the area 29’ N-51~J4 , 120~W—140~W based on
~~ upper—air soundings recorded by radar picket ships . Statistical summaries are

given , in the form of tables and histograms , for various parameters associated with
surface ducts , non—surface ducts , super—refractive layers , and sub-refractive
lay~r~. These parameters include measures of persistence and transitionnrOh~~1lf t IAc In co~~ r~~~ ~~nd t lm p .

DO , 
~~~~~~ 1473 EDITION 0? I NOV 55 Sc~~~ LEYE UNClASSIFIED ~2 -~~~~

V sE cu Rttt Cl. AUFICAtIOI. OF ISIS ØAOE (U%~~ D.. I.,,.’ d)
~~~~~~~~~.V_ V_

_~V 
— V - “V ~~~~~~~~~~~ — - V .  V ’ •~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ 

V
~ _ •~ ~~~~~~~~~~~~~~~~~ — _V. __V.~~___V 

-~~~~~~~ 
-

V.
-

- ~~~~~~~~~~~~~ ~~~~~~~~~~ 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

- ~~ 4 .  - ,. ., .  _~_ V~ ~~~~~~~~~~~~~~~ — ~_~
••
~___ V~ = - V_V. V.V~_ V 

— VV L~~~~~ V~V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



- -~~~ V - - , V V r  -- —. V.-VV V —.
- ——

TABLE OF CONTENT S

Page

1. INTRODUCTION  . . . . . . . .  1

2 . THE DATA BA.S E 3

V 3~ THE REFRACTIVE PARAMETERS AND PROFILE
CLASSIFICATIONS . . . . . . . . . . . .  4 -?

3. 1 Definition of Parameters  4

3.2 ClassificatIon of Refractive Conditions 8

3.2.1 Profile Condition s Classified According
to Layer Categories . . . . . . 8

3.2 • 2 Profile Conditions Classified by
Continuous Parameters . . 10

(V  p. - .

4. PROCESSING THE DATA BASE . • • • . •  .  . • • 15

4.1 Analysis of the Data for Errors • . •  . 15

4.2 Data Base Re formatting and Sorting .  .  .  . 15

4.3 The Time: Latitude Distribution of Profiles .  . 17

4.
5. STATISTICAL COMPILATIONS . . . . . . . • . • • . . • . . . 18

5. 1 Establishment of Latitude Zones for the
Statistical Analysis . . . . . . . . . • • . . . . . 18

5.2 Statistical Development of the Monthly 
_ _ _ _ _

Climatology of Refractive Conditions
task One) . . . . . . . . . . . . . . . . . . . . 19

:-t;on o
0

~~~~~~~~~~~~~~Dis~. A- ~i~
C’

~~~ / ur s~~i~i
S -iii- 

~R3
V . - - .~~~ ~~ 

-. V’ V. 
V.



V ~~~~~~~~~~~~

— 
‘
~~~~~

TABLE OF CONTENTS (Continued)

- I ’
Page

5.3 StatistIcal Development of Persistence and
V Transition Probabilities for Refractive

Conditions ~Iask Two) . . • • . • . . . • . . . . 22

5.4 Description of Tables and Figures 24

5.4.1 Month ly Mean Values for Non-Surface Ducts . • , 24

5.4.2 Monthly Mean Values for Surface Ducts . • • . • 24

5 .4.3 Monthly Mean Values for Super-Refractive
Conditions • • • . . . . • . . . 24

5 .4.4 Monthly Mean Va lues for Sub—Refra ctive
V Conditions . . . • • • . • • . . . 25

V
. 5 • 4.5. 1 Percentage Frequency Distribution of Tra p Base

Heights . . . . . . . . . . 25

V 5.4.5 • 2 Percentage Frequency Distribution of Trap
Thicknesses . . • . . .  25 I

:

5.4.6.  1 Percentage Frequency Distribution of Duct Base
Heights . . . . . .  25

5.4 .6 .2  Percentage Frequency Distribution of Duct V

Thicknesses . .. .. .. • .  ... .  26

5.4.7.1 Percentage Frequency Distribution of the Base
Heights of Super—Re fractive Layers . . . . . . . . 26

5.4 • 7 .2 Percentage Frequency Distribution of the
Thicknesses of Super—Refra ctive Layers • • • . . 26

5.4.8.1 Percentage Frequency Distribution of the Base
Heights of Sub—Refra ctive Layers . . • . . . . . . 26 r

5.4.8 • 2 Percentage Frequency Distribution of the
Thicknesses of Sub—Refractiv e Layers . . . . • . 26

5.4. 9 Statistical Summarie s for the Categories of
Refraction . . • . . . . . . . . . . • . . . . . . . 27

5.4.10 Seasonal Distribution of Parameter S and
Parameter D . . . . . . . . . . . . . . . . . . .  28

— Iv— 

-“-V., ~~~~~~~~~~~~~ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _



TABLE OF CONTENT S (Continued)

Page

5.4. i i  Comparison of the Distributions of
- I, Parameters S and D in Adja cent

Latitude Zones . •  28

5.4.12 Transition and Persistence Probabilities H
for Parameters S and D with Time 30

5 .5 PotentIal Uses of the Statistical
Compilations • . • • • • 32

APPENDIX .  • 170

CDC 3100 Refractive Index Format 171

CDC 6500 Refractive Index Format • . .  .  172

Standardized Format for RI Data    173

Basic Flow Chart of Computer Program Used to
Produce the Monthly Climatologies of Refractive
Conditions • • • • 174

I-

-v-

~

. . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ __ _



_ _ _ _  
V. — ~~~~~ -V~-VV~ -V 

V

(V.

1. INT RODUCTION

The Nava l Environmental Prediction Research Facility (NEPRF ) has

collected a data base of upper—air soundings recorded by radar picket

ships off the west coast of the United States; the data base relates to the

period October 1956 through Tune 1965 , and the area 29 0 _ 51 0 N , 120 ° — 140 °W.

Under the term s of Contract No. N0 0228—76 -C—3 139 , this data base is to

be used to develop a synoptic climatology of refractive conditions

significantly affecting the tropospheric propagation of electromagnetic

waves . The development is to be carried out in accordance with the H
following three Tasks:

Task One: Monthly climatology of refractive conditions

a. Define for each month the mean number of days during

which given refractive structures , thicknesses and

Intensities can be expected .

b. Define a monthly measure of variability (variance and

standard deviations) for each of the indicated conditions .

Task Two: Persistence of refractive conditions , and transition 
V

probabilities

a. Determine mean number of days for which a given

refract ive condition can be expected to persist and the

variability of such persistence .

b. ij etermine the probabilities of transition from one state

to another during periods of 12 and 24 hours; i .e . ,

normal propa gation to trapping , super—refraction to

normal , etc .

.4
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Task Three: Typical synoptic pattern s , frequency, persistence and
transition probabilities . Development of a capability to
assess refractive structures from synoptic patterns in term s
of the probability of the existing of trapping , super-refractive
or sub-refractive layers , probable thickness of such layers ,
the probable Inten sity of the layers arid a probability estimate
(forecast) of the persistence of such layers .

This Technical Report presents the monthly climatology of refractive
conditions developed In accordance with Task One , and measures of the
persistence and transition probabilities developed in accordance with Task
Two.

V
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2. THE DATA BASE

The data available for the development of the required climatology
was in one of two different forms :

a. CDC 3100 Refractive Index Format

This stemmed from data held on magnetic tape by the Nationa l
Record Center in the 505 and 645 format , containing standard level and V

V significant level information for about 15% of the picket ship radiosonde
reports . This data was processed by N EPRF on a CDC 3100 computer to

V 

obtain the refractive conditions of each layer and the results recorded on

V 
magnetic tape. The format of this refractive index information is shown
in the Appendix .

b. CDC 6500 Refractive Ind ex Format

As indicated above , only about 15% of the total picket ship data
was readily available on magnetic tape . The other 85% was in the form
of plotted soundings . These were digitized and then processed or~ a
CDC 6500 computer to obtain the refractive conditions of each layer.
The results were recorded on magnetic tape in the format shown in the
App endix.

As part of the overall data processing procedure the data base was
converted to a common format. This was combined with the correction of
errors In the data base and is discussed in Section 4.
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3. THE REFRACTIVE PARAMETERS AND PROFILE CLASSIFICATIONS

3.1 Definition of Parameters

The parameter N is simply a transformation of the variable sneed ,
v , of the electromagnetic p~o~ agation in the atmosphere:

N ~o7(~~ - i) (1)

where the constant c is the speed in a vacuum. The formula applied to
calculate N for each reported level of a sounding takes the following
form:

N = 776 -
~~~ 

± 3.73 x io 6 j- (2)T 
T

where P is the pressure in mbs , e is the partia l pressure in mbs due to
water vapor , and T is the temperature In degrees Kelvin .

IN may be transformed into a parameter M :

M E N ÷ 1.57 H (3)

where H is height abov e sea level in meters . This new parameter merely
shifts the value of the vertical derivative:

p 
~
- 1 5 7  (4)dH dH

The var iable speed of propagation can be recovered from parameter N:

V = 
• (

~
)

1 4- 10 N

—4—
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The Instantaneous direction of propagation of an inf in i tes imal

element of an electromagnetic wavefront is defined by the positive norma l

to the wavefront . A ray may be defined as the traj ectory of such an

element . The trajectory is largely determined by the process of refra ction .

The governing equation for the tracing of a ray in a two-dimensiona l vertica l
plane of the atmosphere may be expressed by

C~~S Y  1 ~ V (6)ds R~~ H v ~ i

where the angle y defines the direction of propagation measured positive

counter-clockwise fro~n the local horizontal , R is the earth s radius at

local sea level , s is the linear measure along the trajectory , and n Is
V the linear measure along the wavefront , with positive being to the right

of the trajectory . The first of the two terms on the right—hand side

determines the apparent bending of the ray due to the curvature of the

reference horizontal. The second term determines the rate of refraction .

The curvature term can be eliminated by introducing a modified

speed parameter:

- 

R ± H  v . (7)

Substitution for v In Eq. (6) and using cos V — dH/d n (see Fig . 1)

yields:

•L ~~~ 
• (8)

C

—5—
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The speed v generally has a much greater variability with height

in the atmosphere than it has in any horizontal plane . In applications

for which the horizonta l variations are negligible , may be treated as a

function of height only . The modified speed v is then also a function

of height only , and Eq. (8) may be transformed into a perfect differentia l ,

producing Snell’ s law:

COS ~~
‘ 

= constant along any one ray . (9)
r

/

This transformation Into Snell’ s law Is readily produced by use of the

relationships shown In Fig . 1.

H 

_ __

cos y sin y 
V

Figure 1. Relationships between the Local Differentials

Thus , Eq. (8) yields

dv
1 r

sin )’ dH 
= cos y

r

-6-
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which Is the perfect differential along the ray

“V

d f c o s y 
0

dI1~ v
\ r

All classifications of the refractive conditions of atmospheric

profiles are based on a layered atmospheric structure . Each reported

pressure level defines an Interface between layers , and v Is V

approximated to be linear in H between evaluations at successive

interfaces .

That secttor4 of a ray which falls Into an atmospheric layer for

wh ich dv r /dH = 0 , appears to have no bend ing in the hor izontal fram e of
reference. If dVr/dH Is positive or negative then the ray appears to bend

downwa rd or upwa rd , respectively, def ining a circular arc in its trans it of

) the layer.

Differentiation of Eq. (7) with height yields

dV r R dv R dv c 1dH 
- 

R +H  dH 
- 

(R+H) 2 
V dH 

- 

R 
( 0 )

DifferentIation of Eq. (1) with respect to height yields 
V

dN 
= - ~~7 c dv  ~~ dv (11)

v d h

The relationship between dM/dH and dN/dH is given by Eq. (4). Equations

(4), (10) and (11) interrelate the four differently—scaled mea~’ures of the

vertical derivative of the electromagnetic speed of propagation.

-7- V
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3.2 Classification of Refractive Conditions

3.2.1 Profile Conditions Classified According to Layer CateQories

Profiles may be classified according to the refractive categories of

the component layers

The Un ited States Navy has separa ted the poss ible refractive
conditions of layers of the atmosphere into four discrete categories wh ich
are termed trapping (ducting) , super—refractive , normal , and sub-refractive

conditions. For example , trapping conditions exist in a layer of the

atmosphere if the gradient of N with height is less than -1.57 meters 1 or

equivalently if

4

7 dv

c dH

(
is greater than zero.

Table 1 shows the demarcation values for each of the four discrete V

categories in terms of the four vertical derivatives of speed.

The demarcation between Trapping and Super-Refraction correspond s

to zero apparent refraction in the horizontal frame of reference. The other 
V

two demarcations separate ranges of upward refraction .

IV

C.
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Table l

Demarcation Values Associated with the Vertical Speed Derivatives
for the Four Categories of Refra ctive Cond itions

(‘V

Vertical Super- Sub-
Derivative Trapping Refra ction Normal Refrac tion

7 dv
~~ -~~~~~~~ -~~ 0 1 —0.794 .~— 1.57 ~

710 dv 
_ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _— .
~~ ~ 1.57 ~ ~ 0.79 4 ~ 0 ~c clii

— 

~.—1.S7 ~ 1 —0.794 )- 0 4
H

~~. 0 4 —~~ 0.794 ~ 1.57 ~

_____________________ I I I

1
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3.2 .2 Profile Conditions Clas sified by Continuous Parameters

A technique for representing the refractive conditions of a profile

is to separate it into layers , the vertical extent of each layer being

determined by the appropriate demarcation values given in Table 1.

Thus each layer is assigned to one of the four discrete categories .

Although such a discontinuous representation can be detailed and is V
operationally significant , it nevertheless lacks the continuity desirable

for some aspects of our investigations .

We therefore have designed two continuous parameters as

supplementary definitions of the refractive conditions of a profile .

Parameter S is a measure of the strength of surface ducting or of the

proximity to surface ducting. Parameter D Is a measure of the strength

of total tropospheric ducting or of the proximity to ducting .

The definition of the parameter S is

7 /_ 10 i i
S = — — i v - v i provided v > V (12)

c 
~~ \ r,i r,o/  r ,i r,o

where y
r 0  Is the surface value of the mod if ied speed prof ile , vr , and

vr , i is the maximum value in the profile above the surface. H~ Is a
specified scaling height . The extension of the definition in the case of

no surface duct , i. e . ,  if is the maximum speed in the profile , is

7 / v  - v
— 10 i r ,i r,o

S = — I  where < V (13)c H~ r,i r,o
max

and H1 is the height of level I. This extension gives a measure of the
proximity of the profile to a surface duct situation. This negative extension

—10— 
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of S is not necessarily related to the bottom layer defined by the first
-t reported level (i = 1) above the surface; the maximum may occur for i = 2 V

or higher. The interpretation of a negative value of S is the same as for

the first row of demarcatlons given In Table 1.

A pos itive value of S is interpreted by application of Snell’ s law

for the limiting ray at the surface:

(Limit) cos )‘~ 
=

r , i

V - v  v - v
= 1 — 

r,i r,o 
~ — 

r,i r,o
V Cr,I

~ 1 — H~S . (14)
C

The larger is S the greater is the limiting angle for surface ducting.

The total tropospheric ducting parameter D is similar to S except
V that it need not be surface based: - 

-

D ~~~~~~
- 

~~~~~~~ (v - v (15) 
V

c H \ r ,j r,i,
* max

provided v > v and j > 1.
r ,J  r,

7 dv
D i~_(.......i

) (16)
max

-~

for no ducting.

S -11-
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The interpretation of D for no duct ing , that is for D negative ,

is the same as the first row of Table 1. A positive value of D is

interpreted by application of Snell’s law for the limiting ray at level I :

(Limit) cos = _Ld

V v - v  v - v
= 1 - 

r ,J  r~~ ~ — 
r~ t rd

V C
r ,J

-

~~ 
~~~ 1 — H~ D . (17)

For the purpose of presenting the statistics of perslstence* and V
transition , it is convenient to establish discrete categories for the S and

D parameters . These are shown in Table 2 , together with the first row of

Table 1 for comparison purposes .

Li

*Persistence probabilities are a sub—set of transition probabilities; I .e . ,
that sub—set where no transition from one refractive category to another V

C occurs In the space-time envelope under consideration .
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4 Table 2

Discrete Categories of the S and D Parameters

(V. V

Vertical Trapping/Ducting Super-Refraction No ~)erivativel rma

Parameter Strong (DS) Modera te (DM) Weak (DW) Strong (SS) Weak (SW) —

~~~ dVr I— — 4 ~~
- 0 4 - —0.79 ” .- — 1 . 5 7c dH 

I 
____________________ 

I 
______________ ____________ ___________S .

~~ 
.-0 .79 4 ‘0 .404  1 0 -4 p. —0 .4 0 *-*— O.794

_ _  

I 
_ _ _  

I 
_ _  _ _  

I _
D 1 0 .79 4 p i .0 . 40 iui  

~~
- C) 4 ii. — 0 .4 0- ’~--p. — 0 . 7 9 4  ~~

,

_____________ I I I

IC
The S and D parameters , calculated In accordance with Eqs . (12),

(13), (15) and (16) , are a measure of the most positive/least negative values .

As a consequence , no values of S and D corresponding to sub-refractive
C conditions were ever observed .

Every profile provides a value for S and a value for D .  Because

D is determined from the whole profile , wherea s S is only applicable to

the surface , the values of S and D will coincide if the base of the most

posit ive/least negative layer is at the earth ’s surface . However , If this

layer is aloft , then the profile will give different values for S and D.
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For ducting/trapping conditions (eqs. (12), (15)) the parameters 
‘V

I S and D are directly related to the limiting rays (Eqs. (14) , (17) ) .  The

quantity H
~ is Included In the definition of positive S and D values , not

in order to express them as gradients, but to express them in a scale
similar to their negative definitions.
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4. PROCESSING THE DATA BASE

I V V

4. 1 Analysis of the Data for Errors

After construction of a data listing , the position given with each

report was plotted; those reports which either fell over land , were too

close to land , or which were geographically remote fro m other reports ,

were considered suspect. Such reports were checked by a variety of

methods Including reference to the origina l plotted soundings . A search was

made for duplicate reports for subsequent elimination. The maximum and

minimum base levels and thicknesses of refractive layers were extracted

and suspect extreme values checked . Finally a cross-check was made h
of the positions and date-times of the reports on the plotted soundings

against the same information held on magnetic tape after digitization .

The errors revea led by this search , and the associated corrective

procedures , are tabu lated in Table 3.

4.2 Data Base Reformatting and Sorting

As expla ined In Section 2 , the bas ic data was held in one of two

different formats. A third format , more appropriate to the investigation,

was dev ised and convers ion programs were written and run for each da ta
set . The fina l format of the data base is shown in the Appendix. The 6
reformatting programs corrected the errors in the data base revealed by

the error search (see Section 4.1) and also computed and incorporated
li the S and D parameters (see Section 3 .2 .2) .

The reformatted data was then sorted and merged Into a single data

base , including the S and D parameters . The basic ordering of the data 
. 

V

C was by time , by latitude and then by longitude. The merged and sorted
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Table 3

Data Base Errors and Corrections

Corrections to 3100 Tape
ii)

Origina l Number 985
Corrections to Latitude 1
Corrections to Data 15

Bad Data--Eliminated 1
Duplicates——ElIm inated 8

Number Eliminated 9
Number Retained 976

Corrections to 6500 Tape

Original Number 5987
Corrections to Latitude/Longitude 68
Corrections to Date 138
Corrections to Ship Number 9 V

Corrections to Data 10
Bad Reports (No matching

4 Plotted Soundings)——El iminated 10
Bad First Levels——Eliminated 16
Dupli cates——ElIminated 15

Number Eliminated 41
Number Retained 5946 

V

Total Number Retained 6922

(.

C
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data base contained 6922 profiles (00Z or 12Z only) on magnetic tape in
the format shown in the Appendix . These profiles provided the input to the
statistical analysis described in Section 5.

4.3 The Time: Latitude Distribution of Profiles

Figures 2 through 6 show the chronological distribution of profiles
in the data base as a function of latitude; each figure shows the data for
two years. Time is shown along the abscissa, the numbers above the
months being the number of profiles for that month . Latitude is shown
along the ord ina te to the nearest 0.10 of latitude . Individual reports are
indicated by a short vertical line centered on the time-latitude coordinates
of the report . The numbers between whole latitude lines are the number
of profiles for that degree of latitude for the two—year period . The
numbers appearing between the latitude lines on the right—hand side of
Fig. 6 give the total number of prof i les  occurring in that latitude band for
the 10—year period of the data base.
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5. STATISTICAL COMPILATIONS

5.1 Establishment of Latituc~e Zones for the Stat~stica I Analysis

In order to detect latitudina l variations in refraction conditions , it
V was necessary to separate the profiles in the data base into latitude zones .

0 0 0 0The demarcation latitudes selected (29.0  N , 34.5  N , 37.5 N , 41.0 N ,

46.0 ° N , 51 .0° N) were a compromise involving several considerations such
as:

a~. having a reasonable numuer of profiles in each zone, these

profiles also being representative in timc

b. having roughly equal zone sizes;

c. minimizing the number of reports actually on the selected - - 

-

lines of demarcation;

( d. minimizing the movement of ships (making regular reports)

acros s the selected lines of demarcation;

e. avoiding concentrations of data near the zone boundaries.

The compromise was effected by plotting the number of reports

occurring in 0.5 0 latitude x 0.5 longitude areas for each month and for
all months combined , and considering these plots (Figs . 7 through 19) in

conjunction with Figs . 2 through 6. On Figs. 7 through 19 , the finally—

selected demarcation latitudes are shown as dashed lines; the numbers

along the ordinate between the latitude digit s are the number of reports

in that zone for that month , and the number at the bottom-left of the figures

is the total number of reports for all zones .
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5.2 Statistical Development of the Monthly Climatology of Refractive
Conditions (Task One)

Because of the operational significance of surface ducting, surface

and elevated ducts have been considered as separate categories. The

following table shows the parameters used to specify each significant

category of refraction:

Table 4

Specifying Parameters for the Discrete Categories L
of Refraction

Super—Refractive Sub—Refractive
Non-Surface Ducts Surface Ducts Layers Layers

Tra p Base Height Trap Base Height Base Height Base Height
Tra p Thickness Trap Thickness Thickness Thickness
Tra p Gradient Tra p Gradient Gradient
Duct Thickness Duct Thickness
Duct Base

The following definitions are relevant to the specifying parameters :

Trapping Layer: A vertical extent in which dM/dH Is negative

throughout. The full extent of such negative
L gradient defines one trapping layer. A single

profile may include severa l trapping layers ,

separated by regions in which d M/dH is positive

throughout .

Trap Base Height: The height of the bottom of the trapping layer. 
V

C
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Trap Thickness: Height of the top minus height of the bottom of

a trapping layer.

Trap Gradient: The mean gradient , dM/dH , of a trapping layer.

Duct Base: One duct base corresponds to each trapping layer .

For a non—surface-based duct the base is at the

first level encountered , in progressing downward

from the base of the trapping layer , where the V

speed equals the speed at the top of the trapping

layer . If the surface is encountered before this

condition is met then the duct is surface based .

Duct Thickness: Height of the top of a trapping layer minus the

height of its duct base. In the case of a surface—

based duct , this thickness is the height of the top

of the associated trapping layer.

Sup er—Refra ctive Layer: A vertical extent in which dM/dH lies between

0 and 0.79 throughout . A single profile may

include several super-refractive layers , each V.

having a base height (the lower extent of the layer)

a thickness , and a mean gradient .

Sub-Refractive Layer: A vertical extent in which dM/d H is greater than

1.57 throughout . A single profile may include

severa l sub-refractive layers , each having a base

height and a thickness.

Table 5 summarizes the parameters and statistical measures used to

produce the climatologles of refractive conditions developed In accordance

with the requirement s of Task One .
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Table 5

Parameters and Statistical Measures Used in
Developing the Mont h ly Climatologies of Refractive Conditions

Statistical Measures mean , standard deviation ,
percentage frequency of occurrence 3

Specifying Parameters see Table 4 14

Months 12 calendar months plus
1 all-month s category 13

Times OOZ and 1ZZ, plus OOZ & 12Z
combined 3

Latitude Zones 5 zones plus 1 all—zones category 6

I.

The various charts and tables used to present the monthly climatologies of

refractive conditions are described In Section 5.4. V

Note:

a. With reterence to Table 4, a single profile may contain any

number (with in reason) of surface ducts , non—surface ducts , super-refractive

layers and sub-refractive layers , and these may all co—exist in a given

proflle.*

b, With reference to Table 5, the stat istics for 002 and 12Z were
produced separa tely and in combination to detect d iurnal biases - 

V

(
c. The basic flow chart of the computer program used to produce

the monthly climatologies of refractive conditions is given In the Appendix .

*
See Table 20.
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5.3 Statistical Development of Persistence and Transition Probabilitie s
for Refractive Conditions ~task Tw)~~

The statistics for the probability of transition , from one category
of refrac tion to another , includ ing the percentage frequency of occurrence ,

V 
were developed using the S and D parameters defined arid discussed In

Section 3.2.2. TransItion (or persistence) probabilities between the six

d iscrete categories of refraction for these parameters la id down In Table 2
were determined by considering changes either in space or in time , but not

space-and-time. For detecting any seasonal variations the year was

divided into four quarters designated Winter, Spring , Summer and Fall, but

no tru e seasonal regime changes should be inferred.

Spatial transition probabilities were determined between adjacent

latitude zones for a constant time; temporal transition probabilities were

determ ined in each latitude zon e, including one all-zones category, for
12 hours and 24 hours in the future based on starting times of OOZ and 12Z.

Table 6 summarizes the parameters and statistical measures used 
p

in developing the required transition/persistence probabilities. Specific

deta ils of the method used for the compilation of each set of statistics are
given in Section 5.4.
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Table 6

Parameters and Statistical Measures Used in Developing
the Statistics of Transition and Persistence

V 

Statistical Measures number of profiles , percentage frequency
of occurrence , cumulative percentage
frequency of occurrence 3

Specifying Parameters S and D , each with 6 discrete categories
of refraction; i.e., DS, DM , DW, SS,
SW and N. (See Section 3.2.2 and
Table 2) 12

PerIod 4 quarters of the year:

Tanuary through March (“WInter”) V

April through June (“Spring”)
July through September (“Summer”)
October through December (“Fall”) 4

Times (for tempora l trans ition proba bilities)

OOZ compared with OOZ +12 hours
and OOZ +24 hours

12Z compared with 12Z +12 hours
and 12Z +24 hours 4

(Temporal transition probabilities were determined within each of
the 5 latitude zones , plus I all—zones category.) (6)

I

Latitude Zones (for spatial transition probabilities)

5 latitude zones , each compared with
the latitude zone to the north (4) and
to the south (4) 8

(Spatial transition probabilities were determined for simultaneous
occurrences only.) (1)
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5 .4 DescriptIon of Tables and Figures

Th is section descr ibed the forma t of the tables and figures used to —

present the statistical summaries of refractive conditions.

5.4.1 Monthly Mean Values for Non—Surface Ducts

FIgures 20 through 24 show the mean values of the five specifying

parameters for non—surface ducts (see Table 4). Each figure contains sIx

histograms , one for each latitudina l zone and one for all—zones combined-—

the top-right histogram in each figure. The relevant latitudes are written

along the right-hand edge of each histogram . The ordinate shows either

heigh t , thickness or gradient; the unit s of height and thickness are meters ,

and the units of gradient are M units per 100 meters . Mean values are

given for OOZ , 12Z, and combined OOZ & 12Z. NS refers to the number of
available soundings and is given for each calendar month and all—months.

N refers to the number of occurrences of the specifying parameter for each

time and latitude zone. Note that more than one of these occurrences may

have been contributed by an Individua l sounding (see Section 5 .2 ) .

5.4.2 Monthly Mean Values for Surface Ducts 
- 

V

Figures 25 through 28 show the mean values of the four specifying

parameters for surface ducts (see Table 4). See Section 5.4.1 for

description of contents of these four f igures.
V.’

5.4.3 Monthly Mean Values for Super-Refractive Conditions

a - Figures 29 through 31 show the mean values of the three specifying

parameters for super—re fractive layers (see Table 4). See Section 5. 4. 1

for description of contents of these three figures.
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5 .4 .4  Monthly Mean Values for Sub-Refractive Conditions

Figures 32 and 33 show the mean values of the two specifying

parameters for sub-refractive layers (see Table 4). See Section 5 .4. 1 for
V description of contents of these two figures .

5 .4 .5 .1  Percentage Frequency Distribution of Trap Base Heights

Figures 34 through 39 show the percentage frequency distribution of

trap base heights for all occurrences of trapping , both non-surface and

surface based . Each figure , one for each latitude zone , and one for all-zones

combined , shows thirteen histograms , one for each calendar month and one

for all—months combined . In each histogram the ordinate Is the base height

of the trap in meters; the abscissa is the percentage frequency. The latter

was evaluated for each height interval as a percentage of the total

occurrences of trapping for that particular month and latitude zone . Thus ,

for example , referr ing to the June histogram in Fig . 34 , of all the recorded

occurrences of trapping layers in June 1957—1965 between the latitudes of

29.0° and 34.5°N , 10% of them had base hei ghts of 250—500 meters .

5 .4 .5 .2  Percentage Frequency Distribution of Trap Thicknesses

FIgures 40 through 45 are basically similar to those described in

Section 5 .4. 5. 1, the difference being that each ordinate shows the percentage

frequency distribu tion of the th icknesse s of the traps rather than the base

heights. —

5.4.6.1 Percentage Frequency Distribution of Duct Base Heights

Figures 46 through 51 are similar to those described In Section 5.4.5.1

but show the percentage frequency distribution of the heights of the duct

base 
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5 .4 .6 .2  Percentage Frequency Distribution of Duct Thicknesses

Figures 52 through 57 are similar to those described In Section

5 .4.5. 1 but each ordinate shows the percentage frequency distribution of 
V

the thicknesses of the ducts .

5.4.7.1 Percentage Frequency Distribution of the Base Heights
of Super-Refractive Layers

Figures 58 through 63 are similar to those described In Section

5 .4.5. 1 but show the percentage frequency distribution of the base heights
of super-refractive layers.

/~~

5 .4 .7 .2  Percentage Frequency Distribution of the Thicknesses
V of Super—Refractiv e Layers

FIgures 64 through 69 are similar to those described in Section

5 • 4.5. 1 but show the percentage frequency distribution of the thicknesses
of super-refractive layers .

5 .4.8.  1 Percentage Frequency Distribution of the Base Heights
of Sub-Refractive Layers

Figures 70 through 75 are similar to those described in Section
5.4.5.1 but show the percentage frequency distribution of the base height s
of sub—refractive layers.

5.4.8.2 Percentage Frequency Distribution of the Thicknesses
of Sub-Refractive Layers

Figure s 76 through 81 are similar to those described in Section
5 .4. 5. 1 but show the percentage frequency distribution of the thicknesses of
sub-refra ct ive layers .
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5.4.9 Statistical Summaries for the Categories of Refraction

5.4.9.1 Tables 7 through 19 show the means and standard deviations

of the fourteen specifying parameters detailed in Table 4.

As an example , consider Table 7. This table is for all January

observa tions and , for each latitude zone and for all-zones combined , the ti
specifying parameters for each discrete category of refra ction are listed in
the left-hand column. The first three quantities (under “NUMBER”) show

the number of occurrences of the four discrete categories of refraction . For V

(V

example , considering the zone 29.0° N to 34.5° N , there were 14 super-

refractive layers occurring in all Januaries at OOZ and 19 at 12Z, giving a

total of 33. Any particular profile may have had more than one super—

refra ctive layer , and the next three quan tities (under “NUMB RPT S 1 OR
MORE”) show the number of profiles exhibiting super—refractiv e layer(s).

Thus , in this example, there were 11 profIles with one or more super—

a 
refractive layer(s) In all Januaries at OOZ and 14 at 12Z, giving a total

of 25.

For this particular sub—table the top line shows there were 24 reports 
V

at OOZ and 25 at 12Z , a total of 49. Under “PERCENT RPTS 1 OR MORE” the

number of profiles exhibiting super—refractive layers are expressed as

percentages of the appropriate number of profiles available. Thus 45% of

January profiles In this latitude zone had one or more super-refractive

layers at OOZ, 56% at 12Z , and 51% at either OOZ or 12Z.

The three quantities under “MEANS” show the r3an values of the
V 

specifying parameters at OOZ, 12Z, and OOZ & 12Z combined , the

appropriate standard deviations being shown in the final three columns.

The means were calculated for all occurrences. Thus , us ing the same
sub-table, the mean height of all 33 super-refractive layers occurring in

January profiles for the latitude zone 29.0°N to 34.5°N was 1162 meters

with a standard deviation of 798 meters.
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Note: In Tables 7 through 19 • the term “Intensity” is synonymous with
“Mean Gradient”; for trapping conditions the sign of this gradient has been

reversed . The units of intensity are M units per 100 meters.

5 . 4 . 9 . 2  Table 20 shows the numbers of occurrences of profiles

exhibitIng up to six (for each category) co-existing ducts , super-refractive

and/or sub-refractive layers .

5.4.  10 Seasonal Distribution of Parameter S and Parameter D

Tables 21 through 24 show the seasona l distributions (see Table 6)

of the S and D parameters for each of the six latitude , OOZ and 12Z

report s being shown separately . Values of S and D are shown in terms of

the discrete ranges laid down in Table 2.

Thus , for example , Table 21 shows the distribution of Parameter S

derived from OOZ reports (profiles). Considering the two sub—tables relating

to the latitude zone 29.0° N—34. 50 N, the left—hand sub-table shows that

in Spring (April through June), there were 170 relevant profiles in the data

base. Separation of these 170 profIles into the discrete ranges of refraction

gave 93 cases of normal (N) refraction , 39 cases of weak super-refraction

(SW)~ and so on. The right-hand sub-table shows these profiles expressed
as a (truncated) percentage frequency of occurrence.

( V

5.4 • 11 Comparison of the Distributions of Parameters S and D in
Adj acent Latitude Zones

Tables 25 through 28 compa re the distributions of Parameters S and

( D in one latitude zone with the corresponding distribution in an adjacent

latitude zone .

The sub-set of the data base required for the comparison was

determined by considering two adja cent latitude zones and time-matching

( 
—28—
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the profiles from each zone. Pairs of simultaneously—occurring profiles 
V

obtained in this way were used to form the distr ibutions of Parameters S

and D in the two latitude zones . Insufficient matched pairs were obtained

in each sea son to provide a statistically-meaningfu l sample , and therefore

the compa rative distribution of S and D were derived for all—seasons

combined.

As an example , the top-left sub—table in Table 25 shows latitude

zone 29.0°N-34.S°N compared with latitude zone 34.5°N-37.5°N for the
Parameter S. Addition of the right-hand column of the sub—table (under

“TOT”) shows tha t there were 45 1 correspond ing pairs of simultaneously Li

observed profiles. Of these 451 pairs of soundings , 230 prof iles fell in
the “N” category (see Table 2) in latitude zone 29 .0 ° N—34.5 ° N. The 230

corresponding profiles in latitude zone 34.5°N—37.5°N had the f ollowing •

distribution: N—— 175 profiles; SW——32 profiles; SS——3 profiles; DW——17

profiles; DM——3 profiles; and SS-—0 profiles. The right-hand sub-table

shows these prof iles expressed as a (trunca ted) percentage frequency of
occurrence.

Considering now Table 26, the top left-hand sub-table shows the

same 451 corresponding pairs of simultaneously observed profiles . Of

these 45 1 pairs of sound ings, 322 fell into category N in latitude zone
0 0 0 fr34.5 N—37.5 N. The 322 corresponding profiles in latitude zone 29.0 N—

34.5° N had the following distribution: N——175 profiles; SW—--83 profiles;

SS——23 profiles; DW——21 profiles; DM——10 profiles; and DS——10 profiles.

The right-hand sub-table shows these profiles expressed as a percentage

frequency of occurrence.

The remainder of the sub—tables in Tables 25 and 26 are similar ,
comparing the distributions of Parameter S In other adjacent latitude

zones . Tables 27 and 28 are similar to Tables 25 and 26, but show the
) distribution of Parameter D .
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FIgure 82 is a sca ttergram for the same 451 pairs of profiles

discussed In the above example. The ordinate and abscissa show

Parameter S as a continuous variable for the two adjacent latitude zone s ,

the S-values of corresponding pairs of profiles being plotted on the

scattergram. Similar figures were plotted for Parameters S and D for all

adjacent latitude zones; they are not included in this Report as the

tabular format is more informative .

( 5 .4.12 Transition and Persistence Probabilities for Parameters
S and D with Time

Tables 29 through 61 show how the observed distributions of

Parameters S and D changed (or persisted) in time within the same latitude

zone . Tables 29 through 44 refer to Parameter 5 ,  while Tables 45 through

60 refer to Parameter D .

The sixteen tables for Parameters S are divided into four sets--one
( . 1

set for each of the four “ seasons ” (see Table 6) . The four tables in each of

these sets show the changes in distribution of Parameter S after a time—lapse

of 12 hours based on OOZ and on 12Z sou nd ings , and after a time-lapse of

24 hours based on OOZ and on 12Z soundings . The sixteen tables for

Parameter D are organized similarly .

The sub-sets of the data base required to det ermine these changes

in distribution were obtained by matching profiles from the base-time with

prof iles measured 12 or 24 hours later in the same latitude zone. * V

As an example of the contents of each table , consider Table 51 •

This shows the change in distribution of Parameter D over a 24-hour period

based on OOZ soundings for April through June. The change in distribution

*C Almost Invariably , these profile-pairs were from soundings made by the
same picket ship .
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_  1

of Parameter D is shown for the five latitude zones and one all-zones

combined category . The base-time of the table (in this case OOZ) is shown
along the left—hand edge of the three sub-tables given for each latitude
zone.

The bottom-left sub-table in Table 51 refers to the latitude zone
2 9 .0 ° N — 5 1.0 ° N; i .e . ,  the all-zones-combined category . Summing the
number of profiles under “TOT” shows there were 788 profiles in this

particular sub-set of the data base. From the values of Parameter D 
V

computed from these 788 profiles , 227 (under “TOT” ) fell into the N
category (see Table 2) at OOZ , the base—time of the table . 24—hours later ,

the corresponding profile distribution was: N——lOS; SW——61; SS—36;

DW-—23; DM—-2; and DS--0. The other rows of this sub-table show the

changes in distribution for the other refractive categories.

The left-hand sub-tables show distributions based on numbers of
profiles. In the center sub-table, these numbers have been converted to
(truncated) percentage frequenc ies of occurrence. The right-hand sub—table

of each set of three shows cumulative percentage frequencies of occurrence ,

summed from the right. For example , the bottom—right sub-table of Table 51

shows that for all profiles which were N at OOZ , 24-hours later 100% of

the correspond ing prof iles were N or stronger , 53% were SW or stronger ,

26% were SS or stronger , 11% were DW, and there were less than 1% in the

DM and DS categories . From the same sub-table it can be seen that, af ter
24 hours , there is only an 11% chance of initially normal conditions turning
into a ducting situation, whereas If there is Initially a strong duct , there
is a 75% chance that ducting will still be observed after 24 hours . 

V

The contents of the other tables are similar to Table 51.

Figures 83 and 84 show sample scattergrams for Parameters S and D
for the latitude zone 29.0°N-34.5°N, all seasons comb ined , for a time— 

V

lapse of 24 hours based on OOZ profiles. Other similar figures were plotted 
V
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but have not been included in this Report as the tabular format Is more

informative .

5 . 5 Potential Uses of the Statistical Compilations

Various investigations and eva luations of practical use can be based

on the statistical compilations and associated presentations contained in

V 
this Report. The “ pay-off” of such evaluations will depend on the

operational context and , to be of maximum benefit , should involve the

techniques of operational analysis.  The prospective users of the type of

information contained in this Report therefore must themselve~ provide an

input to the evaluation process. As the operational sigrilficances of the

variabilities are appreciated , it will then be possible to modify and

condense the presentation formats to show more directly the desired

practical relationships between the various parameters determining and

affecting refractiv e conditions.

L
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Figure 84. Scattergram Showing the Distribution of Parameter D after
24 Hours Based on OOZ Observations
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Distribution of Parameter S by
Latitude Zone and Season : OOZ Report s
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t Distribution of Parameter S by
Latitude Zone and Season: 12Z Reports
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I Latitude Zone and Season: OOZ Reports
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Distribution of Parameter D by
Latitude Zone and Season: 12Z Reports
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Comparison of the Distributions of
Parameter S in Adjacent Latitude Zones
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Comparison of the Distributions of
Parameter S In Adja cent Latitude Zones
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Comparison of the Distributions of
Parameter D In Adj acent Latitude Zones
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Comparison of the Distributions of
Parameter D in Adjacent Latitude Zones
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Chang e in Distribution of Parameter S
in 12 Hours from OOZ : January-March
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Table 30

Change In Distribution of Parameter S
in 12 Hours from 12Z: Tanuary-March
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iTable 31

Change in Distribution of Parameter S

~ 5 

in 24 Hours from OOZ: January-March
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Table 32

Change in Distribution of Parameter S

‘4 

In 24 Hours from 12Z: January-March
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Table 33

Change in Distribution of Parameter S

& 
in 12 Hours from OOZ: April— June
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Table 34

Change in Distribution of Parameter S
in 12 Hours from 12Z: April— June
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Table 35

Change in Distribution of Pa rameter S

4 

in 24 Hours from 0OZ: April— June
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Change In Distribution of Parameter S
in 12 Hours from OOZ: luly-September
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Table 38

Change in Distribution of Parameter S
in 12 Hours from 12Z: July-September
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Change in Distribution of Parameter S
I,- in 24 Hours from OOZ: July-September
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Table 40 
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Change in Distribution of Parameter S ~ -

in 24 Hours from 12Z: July-September
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Table 41

Change in Distribution of Parameter S
in 12 Hours from OOZ: October-December
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Table 42

Change in Distribution of Parameter S
in 12 Hours from 12Z: October-December ~ 
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Change in Distribution of Parameter S
in 24 Hours from 00Z: October—December
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Table 44

Change in Distribution of Parameter S
in 24 Hours from 12Z: October—December
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Table 45

Change In Distribution of Parameter D
in 12 Hours from OOZ: January-March
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Table 46 I -

Change in Distribution of Parameter ID
in 12 Hours from 12Z: January—March
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Table 47

Change In Distribution of Parameter D

~‘. 
in 24 Hours from OOZ: January-March
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Table 48

Change in Distribution of Pa rameter D
in 24 Hours from 12Z: January—March
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Table 49

Change in Distribution of Parameter ID
(S in 12 Hours from OOZ: April— June
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Table 52

Change in Distribution of Parameter D
in 24 Hours from 12Z: April-June
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Table 53

Change in Distribution of Parameter ID

~; 
In 12 Hours from OOZ: July-September
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Table 54

Change in Distribution of Parameter D
p in 12 Hours from 12Z: July-September
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Table 55

Change in Distribution of Parameter D

t in 24 Hours from OOZ: July-September
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Table 56

Change in Distribution of Parameter D
in 24 Hours from 12Z: Ju ly— September
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Change In Distribution of Parameter ID
I in 12 Hours from OOZ: October-December

LA TIT UOt ~~~~~~~~~~~
12 H~<~ ~~ 1~~-<—tu U ’1~3’2R ~~2FILES ~2 HRS L4TE~ —PC~~ C’JT 12 FIRS L.~TE~ — 2UM .PCR S

N Sd Ss LIsA •IM S t SC T ~L Sd 53 id 01 iS N 5.-i 53 Id D~ iS
N 1. •2 ~. 2 • C 9 N 11 22 ‘-.~. 22 3 t. t u 1 C~ >3~ u~~ . 2  • >2

~ 0 SW • ~ 5 z t 9 W ~ 22 55 22 3 -
~ SWI )C ijCs 7? a2 C’ 0 - 

-

0 SS I 1 2 ~‘ • ~. •2 ~S iCs i,~ 23 6.3 2 1 SSI~ u ~3 ~C b~ C Cs -
‘

1 OW 1 3 2 £ ~ 2 ~~ Sd 5 15 10 3U 32 il 3W 1J 3  ~~1 ~s C 7-I ..C 13
Oil .1 3 ~ 2. Li 3 .~.2 )M 3 C 33 5 33 iS 3~’i1uL1J i.’~~ ~~3 58 ~I5
OS C _ ~ 3 1. 1 6 iS ~ ~ .5 53 15 1~ LJS1Cs ’ 1J~~Ii,.i 83 33 16

‘ 
L~ TITUCE j4.5~1~~-~7.5N 

‘

> 12 HR~ ~~~~~~~~~~~~~~ .~~ 2F ILES 12 H~ S L 4T~~ — PERCCH1T 12 -~~S L~~T~~ — LUM. P~ R
N S’i 55 O~i >211 iS TOT N SW 53 iW (SM iS N S.~ 55 O W O i iS

N t. 2 2 3 1 0 12 ~i ~ 3 16 1E 25 ‘1 3 “J iS C I  55 ~ J 33 ~5 U

a Sw ~ ~ 
I. 3 5~ C I~ 3~~i 37 12 25 1~ ~i .3 SW1.J ’~> ~2 53 25 6 0

0 SS 5 1 3 5 Is. 2 15 S 33 5 23 33 E.3 .. SS1.3~ ~~ ~~ ~.3 6 U
z ow 2 w 5 I.~ 

I. 2 ~ ? .).‘
~ 7 Ii. 1~ 37 1’+ 7 OW L 3C ‘32 77 ~~ >~2 7 - -

Dtl 1 1 ~ C 2. 2 9 II 11. ii. 22 22 11. aa OM t - 3~ -~ ‘I 77 ~ Cs 3~ 22
>> OS 1.3 • -J ,j 2. 2 3 35 • .3 .3 3 33 ~~ OS 1C~~tCs-3 1~~3 1 C C 1 C J  bb

LAT IT Ut )~ 37.~~4~~41.6’4
12 H~~S 3  _~~I’2 iJU 1~~~.’i ~-~‘)F1LES 12 H>’~S L A T ~~~—PER 3 E NT 12 IIRS LC. TE~~— S U r . P E I~I

N Sd 55 Ow OS OS T IT !I SA SS I’d 0-9 ‘iS N 34  sS C.u LII US
ti E) 5 2. • C C 12 ~ 52 Lii. 8 0 0 5 N1~~ SC -‘S S I. 3

I 
a sw ~G 6 3 • • 2 L. ;~u ~ 1 25 2G 12 3 ~ S W I J ~ 5~ 33 1~ ~ C

: a ss 2 2 ‘:~ 4 ~. I 13 35 1-1 C 3’~ 33 7 7 SSI L 4 4  ö~~ ~‘G t~ 7
z D.~ 

t. ~ 4 j~~ ~ C ~ 3 i.W j~ 13 17 Li 3 ~ • DL~i)3 >~~~ ~~~ ~~~ ~ o
(SM C u .3 ‘4 2 C 6 )M C C C I~S 33 • 6M~.3 L 1 L I s u 1 C j 1 C C  .~3 Cs
Os -3 2. 3 ~ • C u S  • l u O  U 0 U ~- O S iJ U 1~~C 3 3 3 C

L4T I T U O~ Li1 •C I,1_ L~
:J.Cs~1

12 Wr ~s _ A T ~~~— ;.UMdE ~ -~~ )FLL~CS :2 H~ S L~~T E ~ — 2 E~~e’2’IT 12 I1~~S L~~T~~~— C U~-l.r E~~
. N Sd 55 On C’I~ J’S TOT N S W SS IIII DI )S N S’ t S3 Ud C~1 J S

III 2~) ~ 2 2 ~ I LiC “~~t S 22 5 5 • 2 N1~~J 3 5 I2 7 2 2
0 SW 13 ~a ~ ‘. i 3 53 S W  3’~3 36 9 1.2 3 • SW I3- ~ ~,C 2~. 15 3 C
a ss 7 ~ Li 2 Cs I 2~ S 3” 3 2) >J~ .3 5 SS1~~2 u5 33 1’~ ~‘ 5
z (Sd 1 5 1 ~. 1 U 12 Jd ti ~.1. ~ 33  ci ., O I’IlJ ’C ii. 5.3 Lii. 8 Is

Oil •4 U U U I • 1 S M  • C 6 J 1 3’2  2 O M’4. C > 2 1 . 3 J 1 C J I t I~~ lC- 3 Cs
Os I. L~ Is u • C C I s S  U ~ C U -.3 J O S  • >2 .3 - - C C

— 
L A T IT U D E  ~+ b . C ’ I — 5 1 . ’~N 

‘

12 t4~~ 5 L~~T C - ~— N U’ t~~C k U’~iFiLi~S .C I1~~S L.~TE~~—~~LR3~~’4T 12 ~1’~5 L A T 2IJ~~.P’ ~
N Sii S3 U d J I  iS TCI T ~ Sd Si 1W CS -I IS l~ ~~ Si O ’~ ( M  IS

N 1” 2 _ ‘. • ~ 2.6 ~~ 62 12 C 2 5  >. N1’J~~~3 7 2 ~i 2 5  C U
a sw 6 • 3 2 • C 1’. $n ‘~~~ 2 1 21 j L. C • SW1~~C ~7 ~~, 1. 2 3
0 SS C 2 2. ~ • ~ Li S ‘5 ¶ a ~ 25 25  2 C SS lC~~1~~ ~i 2’~ -C C

~ 
z ow z a • C ‘ 5. 7 >2w 2~ 2~ C 2~ ~ ~~Li o w i~~-~ 71 ‘~~ ~~ I~. ~~

(SM IJ .3 • L • j ~. )1 • U ,i C Cs • 3M • C .5 ‘ (3 •
OS >C • C IS Ci U C ‘55 3 0 >2 Cs U j  US U IS 3 ‘S 3 3

L A T I T U O t  ~~~~~~~~~~~~~~~~~ 
H

12 h’~ S • .u1L’~—t LU 11 I5~~ ~ ‘~ JF IL~~ ~~~ . N~~5 L A T ~~~— P I R C E ’ ~T 12 H.~S L A t E ~~— ’C U’ u.~ ’ R
N Sd 53 Od )~$ iS T O T  N 5u4 53 O W CM -IS N 3>1 ~S DW ~) S1 ‘35

I II L.7 ~ ~ 15. I. £ .19 N 52 22 10 ~2 I I T H.JC ‘.7 2’-. 1-. 2 1 ~ -
0 SW 3’; 25 2~ lb 2 ~ ~i6 ~W 3~, 2â 23 1’. 2 ‘2 SW1~ Cs ~~ 37 1~ 2 U
a ss 1ES 1~. 15 18 2 ‘S ~ 3 3  2 i. 2.5 2’. C’S 3 3 SS 1~~’i f~ 5~ 3 - ~ ~~ 3

z Dd lf  :.7 .2 Z2 1 -i ~‘3 3d i~. 19 1! t 5  h i  ~ UbI Ju 83 6-) E 6 ~1U 5
(SM 1 i 6 F d 5 >28 JM .5 3 21 .~5 2-i 1? Ot I1~~>. -i ’, ~~ 7 1~ Liu
OS • 1 2. 3 ~ 3 2.0 iS lIs 13 1.3 3 .3 2~ 3~ I)S1u~~1 ICs ‘ii ~~ ~ C 3>)

I 
—166—

~~~~~
- - - . ‘ - - ‘-‘ -- -  - -•_;~~~

7--

~~~~~ ~~~ ~-- -5-V ---- ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~-~~~~~—~-------~~~~ - ~~~~~~ . ~~~-



~~~~~~~~~~
:---- 

~ ~~~~~~~
‘T ~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘- :-
~ ~~~~

— : ~~~~~~~~~~~~~ -~~~
‘

Table 58

Change in Distribution of Parameter ID
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in 12 Hours from 12Z: October—December
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Change in Distribution of Parameter ID
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CDC 3100 Refractive Index Format (24 bits/word)
Variable Number  of Records/Report

1st Record

Word 1 000 1 octa l
2 ship number
3 date (year*l0000+month *100+day)
4 hour
5 latitude , longitude (lat*100*long) (whole degrees)

I Record s (I is number of levels)
Word 1 0001 octal

2 Refractive Index N va lue (J)
3 Refractive Index M value (I)
4 height meters (J)

K Record s (K is the maximum of the number of traps , number of super— -

‘
‘ refractive layers , and the number of sub—refractive layers . If
‘-

- all three are zero there are no records of this type.)

Word 1 0001 octa l
2 ship number
3 latitude
4 longitude
5 date
6 hour
7 number of traps
8 number of super—refractive layers
9 number of sub—refractive layers

10 duct bottom (K)
1 1 trap bottom (K)
12 tra p top (K)
13 tra p intensity (K)
14 super—refractive intensity (K)

4, 15 super—refractive bottom (K)
t. 1 6 super-refractive top (K)

17 sub-refractive bottom (K)
‘ 18 sub-refractive top (K)

19 weather 1
20 weather 2

SI 21 weather 3
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CDC 6500 Refractive Index Format (60 bits/word )
One Record/Report

Word 1 ship number
2 latitude (lat degrees*l00+lat minutes)
3 longitude (long degrees *lOOflong minutes)
4 date (yr*10000 ’rmonth*lOOrday)
5 hour
6 number of levels--NOL
7 weather 1
8 weather 2
9 weather 3

10 zero

A height (meters)
B refractive index N value
C refractive index M value 4

Word s A B  C repeated for J 1, NOL ~:

D number of traps NT
E number of sup~,~r-refractive layers NS
F number of sub-refractive layers NB ~ -
G duct bottom
H tra p bottom
0 trap top
P trap intensity

Words G H 0 P repeated for K 1 , NT

Q super-refractive bottom
R sup er—refractiv e top
S super—refractive intensity

Words Q R S repeated for L 1 , NS
T sub-refractive bottom
U sub-refractive top

Words T W repeated for M 1 , NB
V weather 1

W weather 2
X weather 3
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Standardized Format for RI Data (60 bits/word )

Each report is one record .

1st Word — Bit 0 1 bit blank
1 to 4 4 bits year— 56
5 to 8 4 bits month
9 to 13 5 bits day

14 to 15 2 bits hour (0 , OOZ; 3 , 12Z)
16 to 23 8 bits latitude in tenths — 280
24 to 31 8 bit s longitude in tenths — 1200

$ 32 to 44 13 bits ship number
45 to 47 3 bits number of traps (K)
48 to 50 3 bit s number of super—refra ctive (KS)
51 to 53 3 bit s number of sub—refractiv e (KN)

F 54 to 59 6 bits number of levels (NOL)

2nd Word to (1 I-(NOL+ 1)/2 ) Word

Bit 0 to 14 15 bits N parameter I level[ 15 to 29 15 bits height meters I level
30 to 44 15 bits N parameter (1+1) level
45 to 59 15 bIts height meters (1+1) level

The levels are followed by 1 word for each tra p then 1 word for each super-
refractive layer then 1 word for each sub—refractive layer in the following
formats :

15 bits 15 bits 15 bits 15 bit s

Traps ( intensity Ibase duct( base trapj top trap

Super-refractive ( intensity blank (base iayerj top Ia er]

Sub-refractive blank Jbase layer~top layer]
I

The intensity is the same delta N value as were on the 3100 and 6500 old
formats .

I $ The RI layer data Is followed by the S parameter and then the D parameter ,
• each scaled binary thirty .
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